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Organ Manipulator and Positioner and Methods of Using the Same 

Field Of The Invention 

[0001] The field of this invention is organ manipulation and support, specifically 

manipulation and support of a heart and more specifically a beating heart. 

Background Of The Invention 

[0002] Coronary artery bypass grafting (CABG) has traditionally been performed with 

the use of a cardiopulmonary bypass (CPB) machine to oxygenate and perfuse the body 
during surgery. Recently, techniques have been developed to allow for performing 
CABG without the use of CPB by stabilizing the epicardial surface of the beating heart at 
the coronary anastomosis site with a stabilizer of some sort to allow placement of sutures 
through the graft vessel and recipient coronary artery. This procedure may be performed 
through a sternotomy, mini-sternotomy, thoracotomy or mini-thoracotomy, or less 
invasively through a port provided within the chest cavity of the patient, e.g., between the 
ribs or in a subxyphoid area, with or without the visual assistance of a thoracoscope. 

[0003] Oftentimes, one or more arteries of interest are located on the lateral or posterior 

aspects of the heart, making access to such arteries difficult, especially in a minimally 
invasive procedure such as port access and the like. For other arteries, access is typically 
not so problematic, for example if the left anterior descending (LAD) artery is the artery 
of interest, access is easily accomplished using either a sternotomy or a thoracotomy 
approach. However, oftentimes other arteries may be involved in the bypass procedure. 
For example, the patient may require bypass to multiple coronary arteries, including the 
circumflex artery (CxA) on the left lateral aspect of the heart , the right coronary artery (RCA) 
on the right lateral aspect of the heart, and the posterior descending artery (PDA) on the back 
side of the heart. It is very difficult to access the CxA, RCA, and PDA without a sternotomy, as 
the heart needs to be turned and/or tilted significantly to give a surgeon access to its side or back 
and, with an intact sternum, insufficient space exists for these maneuvers of the heart. When a 
sternotomy is performed, the apex of the heart is generally lifted out of the body through the 
sternotomy in order to reach the PDA. Contrarily, in minimally invasive procedures such as 
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closed chest procedures and the like, arteries located on the lateral and/or posterior aspects of 
the heart are extremely difficult to access because the heart can not be so easily manipulated. 

[0004] An additional challenge to heart manipulation during beating heart surgery is that 

some hearts do not hemodynamically tolerate manipulation well. Thus, even if the heart 
could be sufficiently manipulated to enable access to lateral and posterior arteries, it 
must be done with minimal or no adverse hemodynamic consequences. Conventional 
techniques and devices e mployed to manipulate the heart typically suffer from one or 
more disadvantages including cardiac contraction and expansion constraint, limited use, 
e.g., useful only for arrested hearts and limited range of motion. 

[0005] For example, a common technique used with a sternotomy approach involves the 

use of pericardial sutures to retract the heart into the proper position for surgery. 
However, conventional use of pericardial sutures for retraction of a beating heart is 
inconvenient and potentially harmful to the patient. In such a procedure, the pericardium 
is incised and sutures are inserted along cut edges of the pericardium, and then tension is 
exerted on the sutures to move the heart together as a unit with the pericardium. When 
the sutures are pulled to lift the heart (with the pericardium), compressive force exerted 
by the pericardium on at least one side of the heart sometimes constrains cardiac 
contraction and expansion. 

[0006] U.S. Patent No. 5,799,661 to Boyd, et al., describes (with reference to Figs. 33A- 

33C) a suction cup-shaped manipulator on a long shaft. The suction cup is to be attached to an 
arrested heart by suction, and the device is then used to move the heart within the chest cavity. 
A vacuum is applied to the cup to provide suction, and the vacuum is said preferably to have a 
value not less than -150 mmHg (to avoid tissue damage). The suction cup is made of a soft, 
flexible elastomeric material such as silicone rubber, has a diameter of approximately 12 mm to 
50 mm, and has a textured, high friction distal surface (for gripping the heart). The high 
friction can be achieved by a pattern of bumps or an absorbent high friction material (such as 
non-woven polyester fabric). 

[0007] The suction cup of U.S. Patent No. 5,799,661 is apparently flexible relative to the 

distal end of a rigid shaft. However, U.S. Patent No. 5,799,661 does not teach attaching the 
suction cup to the shaft by a joint or other mechanical element to provide limited freedom to 
translate along a first axis and/or freedom to rotate about the first axis. Without such 
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provisions to allow a beating heart to translate and/or rotate in a manner which does not 
negatively effect hemodynamics, the suction cup apparatus described in U.S. Patent No. 
5,799,61 1 is useful only to retract an arrested heart. 
[0008] Accordingly, there is continued interest in the development of new devices and 

methods for use for easily and effectively manipulating and supporting an organ such as a 
beating heart without compromising the hemodynamic stability thereof. In other words, 
there is a need for organ manipulation and support devices and methods of use capable of 
physically translating a beating heart from its natural resting place to a location better suited to 
surgical access, and then holding the beating heart in the latter location during surgery 
without compressing (or otherwise deforming) the heart or great vessels in such a way that 
hemodynamic function is compromised. Of particular interest would be the development of 
such devices and methods of use which may be used in a variety of surgical approaches, 
including a full and partial sternotomy, a full and partial thoracotomy and port access or 
endoscopic or thoracoscopic procedures and used with a variety of organs. 

Summary of the Invention 

[0009] Devices and methods are provided for manipulating and supporting an organ, e.g., 

a beating heart. The subject devices are characterized by having an inflatable annular 
member having a central opening and an organ contacting surface, a vacuum distribution 
element configured to create a diffused vacuum space in the central opening, and a 
positioning e lement having a lumen coupled to a vacuum source and to the inflatable 
annular member, wherein the positioning element is configured to position the inflatable 
annular member and provide a vacuum source thereto. The subject devices are suitable 
for use in a variety of surgical approaches including sternotomies, mini-sternotomies, 
thoracotomies or mini-thoracotomies, or through a port provided within the chest cavity 
of the patient, e.g., between the ribs or in a subxyphoid area, with or without the visual 
assistance of a thoracoscope and, as such, may be configured to be inserted into a 
patient's chest cavity through a sheath. Methods are also provided for using the subject 
devices, where the order of the steps of the subject methods may be altered. Also 
provided are systems and kits for manipulating and positioning an organ. 
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[0010] It is an aspect of the invention to provide an organ manipulating and positioning 

device and methods of use that c an be introduced into a body cavity through a wide 
variety of access means including a sternotomy, mini-sternotomy, thoracotomy or mini- 
thoracotomy, o r less invasively t hrough a p ort p rovided w ithin the c hest c avity o f t he 
patient, e.g., between the ribs or in a subxyphoid area, with or without the visual 
assistance of an thoracoscope. 

[0011] It is yet another aspect of the invention to provide an organ manipulating and 

positioning device and methods of use that can be introduced into a body cavity through a 
sheath. 

[0012] It is yet another aspect of the invention to provide an organ manipulating and 

positioning device and methods of use that can be used with a wide variety of organs, 

including a heart and more specifically a beating heart. 
[0013] It is yet another aspect of the invention to provide an organ manipulating and 

positioning device and methods of use that do not produce clinically significant 

hemodynamic instability. 
[0014] It is an advantage that the subject invention can be resiliently deformed in a 

deflated state for retention inside a sheath. 
[0015] It is yet another advantage that the subject invention can conform to a surface of 

an organ. 

[0016] It is yet another a dvantage that the subject invention is capable of sufficiently 

moving both axially or vertically and laterally to correspond to organ movement. 
[0017] It is yet another advantage that the subject invention is atraumatic. 

[0018] It is yet another advantage that the subject invention is capable of manipulating 

and positioning an organ without any clinically significant hemodynamic instability. 
[0019] These and other aspects, advantages and features of the present invention will 

become apparent to those persons skilled in the art upon reading the details of the 

presently described invention. 

Brief Description of the Drawings 
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[0020] Figure 1 shows an exemplary embodiment of an organ manipulator and 

positioner according to the present invention. Figure 1A shows the positioning element 
of the device of Figure 1 having an inflatable annular member inflation line disposed 
within the lumen of the positioning element. Figure IB shows a cross-sectional view of 
the subject device of Figure 1, taken along section line I-I in Figure 1. 

[0021] Figure 2 shows an enlarged view of an exemplary embodiment of an inflatable 

annular member of the present invention. Figure 2A shows a cross-sectional view of the 
subject device of Figure 2, taken along section line X-X in Figure 2. 

[0022] Figure 3 shows an exemplary embodiment of a segmented attachment element. 

[0023] Figure 4 shows an exemplary embodiment of a flexible linkage attachment 

element. 

[0024] Figure 5 shows an exemplary embodiment of an attachment means according to 

the present invention employing a ball and socket mechanism. 
[0025] Figure 6 shows an embodiment of the subject invention employing an adhesive 

and/or a grasping means to associate the positioning element with the attachment means. 
[0026] Figure 7 shows an embodiment of a sheath according to the subject invention. 

Figure 7 A shows a subject device positioned within the sheath of Figure 8. 
[0027] Figure 8 shows an exemplary device according to the subject invention contacting an 

apex of a beating heart 



Detailed Description of the Invention 

[0028] Devices and methods are provided for manipulating and supporting an organ, e.g., 

a beating heart. Among the numerous beneficial features of the inventions described 
herein, the subject devices may be characterized by having an inflatable member having a 
central opening and an organ contacting surface, a vacuum distribution element 
configured to create a diffused vacuum space in the central opening, and a positioning 
element having a lumen coupled to a vacuum source and to the inflatable annular 
member, wherein the positioning element is configured to position the inflatable annular 
member and provide a vacuum source thereto. The subject devices are suitable for use in 
a variety of surgical approaches including sternotomies, mini-sternotomies, 
thoracotomies or mini-thoracotomies, or through a port provided within the chest cavity 
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of the patient, e.g., between the ribs or in a subxyphoid area, with or without the visual 
assistance of a thoracoscope and, as such, may be configured to be inserted into a 
patient's chest cavity through a sheath. Methods are also provided for using the subject 
devices, where the order of the methods may be altered. Also provided are systems and 
kits for manipulating and positioning an organ. 

[0029] Before the present invention is described, it is to be understood that this invention 

is not limited to particular embodiments described, as such may, of course, vary. It is 
also to be understood that the terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to be limiting, since the scope of the 
present invention will be limited only by the appended claims. 

[0030] Where a range of values is provided, it is understood that each intervening value, 

to the tenth of the unit of the lower limit unless the context clearly dictates otherwise, 
between the upper and lower limit of that range and any other stated or intervening value 
in that stated range is encompassed within the invention. The upper and lower limits of 
these smaller ranges may independently be included in the smaller ranges is also 
encompassed within the invention, subject to any specifically excluded limit in the stated 
range. Where the stated range includes one or both of the limits, ranges excluding either 
both of those included limits are also included in the invention. 

[0031] Unless defined otherwise, all technical and scientific terms used herein have the 

same meaning as commonly understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials similar or equivalent to those 
described herein can also be used in the practice or testing of the present invention, the 
preferred methods and materials are now described. All publications mentioned herein 
are incorporated herein by reference to disclose and describe the methods and/or 
materials in connection with which the publications are cited. 

[0032] It must be noted that as used herein and in the appended c laims, the singular 

forms "a", "and", and "the" include plural referents unless the context clearly dictates 
otherwise. Thus, for example, reference to "a reagent" includes a plurality of such 
reagents and reference to "the device" includes reference to one or more devices and 
equivalents thereof known to those skilled in the art, and so forth. 
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[0033] The publications discussed herein are provided solely for their disclosure prior to 

the filing date of the present application. Nothing herein is to be construed as an 
admission that the present invention is not entitled to antedate such publication by virtue 
of prior invention. Further, the dates of publication provided may be different from the 
actual publication dates which may need to be independently confirmed. 

DEVICES 

[0034] As summarized above, devices are provided for manipulating and supporting an 

organ, such as a beating heart. Generally, the devices include an inflatable member which 
is configured to have a central opening defining a vacuum space and an organ contacting 
surface, where in many embodiments the organ contacting surface includes an 
atraumatic, compliant material. The central opening of the inflatable member includes a 
vacuum distribution element configured to create a distributed or diffused vacuum space 
in the central opening, in other words it provides a means to diffuse the suction exerted 
on the organ. The inflatable member is coupled to a positioning element having a lumen 
therethrough, where such a lumen is also coupled to a vacuum source. Thus, the 
positioning element is configured to position the inflatable member at a target site and 
provide a vacuum source thereto to engage the device with the organ of interest. 
Although a variety of shapes and configurations are possible, the inflatable member is 
preferably annular. 

[0035] The subject devices are suitable for use with a variety of surgical approaches, 

including both open and closed chest procedures. In other words, the devices are suitable 
for use with both open or closed chest procedures, such as sternotomies, mini- 
sternotomies, thoracotomies or mini-thoracotomies, or through a port provided within the 
chest cavity of the patient, e.g., between the ribs or in a subxyphoid area, with or without 
the visual assistance of a thoracoscope. As such, the compliant nature of the subject 
devices, i.e., the ability of the devices to be resiliently deformed into a deflated state, 
enables them to be delivered to the surgical site through a circumferentially restraining or 
enclosing member, such as a sheath or cannula or the like, for example during such 
minimally invasive or closed-chest procedures. 
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[0036] Similarly, the subject devices are suitable for manipulating and supporting a 

variety of organs, where representative organs include, but are not limited to, hearts such 
as beating hearts, stomachs, gall bladders, livers, spleens, intestines, etc. In further 
describing the subject devices, reference to a beating heart will be used as an example, 
and not a limitation, of a suitable organ; however, the subject devices may be used with a 
variety of surgical procedures and organs, as described above, all of which are within the 
scope of the present invention. Furthermore, the subject devices may be single-use or re- 
useable devices, i.e., the devices may be adapted to be sterilized for multiple uses. 

[0037] The subject devices will now be further described with respect to the figures, 

where like numerals represent like features or components. Figure 1 shows an exemplary 
device according to the subject invention. Accordingly, the device 2 of Figure 1 includes 
an inflatable annular member 4 having a central opening 6 covered on one side by a cover 
3 and an organ contacting surface 8. The inflatable annular member 4, more specifically 
the cover 3 of the inflatable annular member 4, is coupled to a positioning element 10 
having at least one lumen 12 therethrough by an attachment means 1. As such, the 
proximal end of the positioning element, more specifically the proximal end of the lumen 
12 of the positioning element 10, is coupled to a flow regulator R and vacuum source V, 
while the distal end is coupled to the cover 3 associated with the inflatable annular 
member 4, where such a regulator R and vacuum source V provide regulated suction to 
an organ such that the pressure surrounding the central opening of the device is reduced 
by opening suction flow regulator R, thus enabling suction to be applied to the organ of 
interest in such a way that the organ can be moved by moving the device. In certain 
embodiments o f the subject invention, the device may include a p lurality o f i nflatable 
annular members. For example, a subject device may have from about one to ten 
inflatable annular members, usually from about one to six inflatable annular members, 
and more usually from about one to two inflatable annular members. However, 
depending on the particular application, a subject device may include a greater or fewer 
number of inflatable annular members. In those embodiments employing a plurality of 
inflatable annular members, the inflatable annular members may be positioned in any 
convenient manner. For example, the inflatable annular members may be positioned in a 
row, concentrically, stacked, etc., or any other suitable arrangement. 
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[0038] The device 2 may also include an inflatable annular member inflation line 14, for 

inflation of the annular member, typically in situ, where the inflatable annular member 
inflation 1 ine 1 4 may b e p ositioned adjacent the positioning e lement 1 0, such that the 
inflatable annular member inflation line 14 and the positioning element are spaced apart, 
or the inflatable annular member inflation line 14 may be positioned within the 
positioning element 10, as shown in Figure 1A. Accordingly, Figure 1A shows a 
positioning element 10 of the subject invention having an inflation line 14 disposed 
therein. Oftentimes, the inflation line 14 is a flexible line. In those embodiments 
including a plurality of inflatable annular members, any convenient means for inflating 
each annular element may be employed. For example, a single inflation line may be used 
to inflate all the annular members or each annular member may be inflated with a 
respective inflation line, or two or more chambers/members may have a vent hole fluidly 
interconnecting them. The plurality of inflatable annular members may be inflated at the 
same time or at different times. 

[0039] Figure IB shows a cross-sectional view of the inflatable annular member 4 and 

cover 3 of Figure 1, taken along section line I-I in Figure 1. 

[0040] Figure 2 shows a perspective, enlarged view of the inflatable annular member 4 of 

Figure 2. The inflatable annular member 4 of the subject invention may take any of a 
variety of shapes ranging from simple to complex, where the particular shape of the 
annular member may depend on a variety of factors including, but not 1 imited t o, the 
surgical approach used, i.e., open or closed chest, the surgical procedure performed, e.g., 
beating heart CABG, and the like. For example, the shape of an inflatable annular 
member may be of a substantially rectangular, substantially square, substantially circular, 
substantially round, substantially oblong, substantially elliptical and substantially oval 
shape, etc. Alternatively, as mentioned, the shape may be more complex such as a 
substantially irregular shape, and the like. 

[0041] Likewise, the cross sectional shape of the i nflatable annular member may vary 

and include both simple and complex shapes. For example, the cross sectional shape of 
an inflatable annular member may be of a substantially rectangular, substantially square, 
substantially circular, substantially round, substantially oblong, substantially elliptical or 
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substantially oval shape, etc. Alternatively, as mentioned, the cross sectional shape may 
be more complex such as a substantially irregular shape, and the like. 
[0042] Similarly, the size of the subject annular member may vary depending on a 

variety of factors including, but not limited to, the surgical approach used, i.e., open or 
closed chest, the surgical procedure performed, e.g., beating heart CABG, and the like. 
For example, when use to engage an adult human heart, and more specifically the apex of 
an adult human heart, the diameter of the inflatable annular member, rather the diameter 
of the central opening of the inflatable annular member, may range from about 5 mm to 
about 50 mm. 

[0043] The subject inflatable annular member 4 and associated cover 3 may be made 

from a variety of materials, typically polymers, where representative materials include, 
but are not limited to, elastomers, polyurethane, polyester, polyamide, polyimides, and 
the like, where the inflatable annular member 4 and cover 3 may be made from the same 
or different materials. For example, polyurethane having a material thickness of from 
about 0.001 inches to about 0.010 inches may be used. Two examples which were 
constructed used 0.002 inch thick polyurethane and 0.004 inch polyurethane, 
respectively. Whether or not the inflatable annular member and cover are made from the 
same material or different materials, the inflatable annular member and cover may be a 
unitary piece of construction or may be separate pieces or components operatively 
associated together to form a functional unit. 

[0044] A feature of the subject inflatable annular member is that it is atraumatic, i.e., it 

does not adversely effect the organ of interest or any surrounding tissue, etc., that may 
also be contacted by the subject devices during the procedure. In other words, the 
inflatable annular member 4 does not significantly harm or damage the organ to which it 
is contacted or any surrounding organs and structures, i.e., the use of the device does not 
result in a clinically relevant adverse effect on the organ. As such, the inflatable annular 
member is typically manufactured such that all seams are on the interior of the inflatable 
annular member. More specifically, the inflatable annular member 4 is manufactured 
such that after the seams or interfaces of the inflatable annular member 4 are operatively 
associated together, e.g., by heat welds, radiofrequency (RF) energy welds, or the like, 
the inflatable annular member is everted to a working configuration so that all material 
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interfaces or seams are positioned on the inside of the inflatable annular member 4 after 
such an eversion so that the outside surface of the inflatable annular member 4 is 
substantially smooth or free of such outwardly protruding seams, etc. As will be apparent 
to those of skill in the art, such a manufacturing technique and resultant device 
advantageously minimizes the likelihood that the device will damage the target organ or 
surrounding tissue or structures. 

[0045] To inflate the annular member 4 of the subject device, a variety of substances can 

be used. In many embodiments of the subject device, the inflatable annular member 4 is 
inflated with a gas such as oxygen, nitrogen, carbon dioxide and inert gases such as 
helium, neon, argon, air and the like. However, the inflatable annular member may also 
be inflated with substances or agents other than gas, for example a fluidic substance such 
as saline, water, contrast solution, etc., or any combination thereof, may be employed to 
inflate the annular member 4. 

[0046] A feature of the inflatable annular member 4 of the subject device is that it is 

resiliently deformed into a deflated state, where such a feature facilitates advancement of 
the inflatable annular member 4 to a target site. Accordingly, the subject inflatable 
annular member 4 is configured to be inflated to assume an inflated, organ contacting or 
working configuration as shown in Figures 1, IB, 2, 2A, 3, 4, 5 and 8. In other words, 
when deflated, the subject annular member 4 assumes a lower profile or compacted 
configuration, which enables it to be easily navigated to a target site, such as a site of a 
heart, and then inflated via the inflation line. In many embodiments of the subject device, 
the inflatable annular member 4 is deflated in such a manner to enable it to be positioned 
and retained within a sheath such as a cannula for insertion into the body, e.g., for 
insertion through a port positioned in a chest wall during closed chest procedures such as 
closed chest CABG procedures, ablation for arrhythmias or cellular cardiomyoplasty, for 
example. However, even if used with open chest procedures, the device may still be 
introduced to the target site in a deflated state. 

[0047] As mentioned above, the inflatable annular member 4 may include an atraumatic, 

compliant material positioned on the organ contacting side of the annular member, i.e., 
positioned such that it contacts the organ of interest to conform to and create a seal 
therewith, so that the device 2 can lift the organ by exerting suction thereon without 
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causing therapeutically or clinically significant adverse effects. Figure 2 shows an 
exemplary embodiment of the subject device 2 having an atraumatic, compliant material 
18 operatively positioned thereon, shown herein as positioned on device 2 of Figure 1. 
Accordingly, as shown in Figure 2, device 2 includes a soft, compliant material 18 
associated with the organ contacting side 8 of the inflatable annular member 4, where 
such a soft, compliant material 18 positioned on the organ contacting side 8 of a subject 
device serves to enhance the seal formed with the organ with which it contacts. 
Compliant material 18 may also facilitate distribution of vacuum over a greater area, such 
as by diffusing the suction exerted on the organ, and may deter or substantially minimize 
the likelihood that organ tissue will be sucked into the central opening of the device. For 
example, the atraumatic, compliant material 18 may be configured to conform to the apex 
of a heart and, when contacted with the heart under vacuum, distribute the vacuum over 
the area of the soft, compliant material 1 8 and create an intimate seal with the apex of the 
heart. Because the soft, compliant material 1 8 contacts the organ, it is usually made from 
a biocompatible material such as biocompatible foam, e.g., biocompatible polyurethane 
foam, gel, fabric, e.g., non woven rayon/viscose fabric, gauze, material of the type 
conventionally used in neuro sponges, or other foam which is biocompatible and suitable 
for this purpose, and the like, where biocompatible foam having closed cells is of 
particular interest. The atraumatic, compliant material 18 may be associated with the 
inflatable annular member 4 by any convenient means, e .g., a biocompatible a dhesive 
may be employed, where representative adhesives include, but are not limited to, Silastic 
medical adhesive available from Dow Corning of Midland, MI and Loctite 4541 or 
Loctite 4011 available from Henkel Technologies of Dusseldorf, Germany, ultraviolet 
cured adhesives (e.g., Dymax 190M or Dymax 1-20270 (Dymax Corporation, 
Torrington, Connecticut) or elastomer-toughened cyanoacrylates. The atraumatic, 
compliant material 18 may be associated with the entire organ contacting area 8 of the 
inflatable annular member 4 or may be associated with only a portion of the organ 
contacting area 8 of the inflatable annular member 4. 
[0048] The subject inflatable annular member may also include a vacuum distribution 

element, such as open-cell (reticulated) foam, or other structure able to pass air 
therethrough, operatively associated with the central opening 6 of the inflatable annular 
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member 4 and configured to distribute the vacuum or suction over a larger area than 
would be distributed otherwise (in other words than would be distributed without an 
element for distributing the vacuum), i.e., configured to diffuse the vacuum or suction 
exerted on the organ. As will be apparent to one of skill in the art, such vacuum 
distribution advantageously minimizes the likelihood that an organ's tissue will be 
suctioned into the lumen providing the vacuum source. 

[0049] Figure 2 shows an exemplary embodiment of a subject device 2 having a vacuum 

distribution element 7 for distributing vacuum. As such, the vacuum distribution element 
7 is positioned adjacent the lumen 12 of the positioning element 10, through which 
vacuum is supplied to the organ of interest. A vacuum distribution element 7 may be 
made of a variety of materials, provided that the material employed enables the vacuum 
to be diffused or spread over its surface. Representative materials include, but are not 
limited to, foam such as open cell foam, e.g., biocompatible polyurethane foam, fabric, 
e.g., non woven rayon/viscose fabric, gauze, material of the type conventionally used in 
neuro sponges, and the like. Similarly, the material may be associated or attached to the 
inflatable annular member 4, or rather the cover 3 of the inflatable annular member 4, 
using any convenient means, where examples of suitable attachment means include, but 
are not limited to, adhesives, elastic cinches, heat welding, RF welding, ultrasonic 
welding, and the like. Figure 2 A shows a cross-sectional view of the device 2 of Figure 2, 
taken along section line X-X in Figure 2. The subject device 2 in Figure 2 thus includes a 
positioning element 10, an attachment means 1, a vacuum distribution element 7 and an 
inflatable annular member 4. 

[0050] As mentioned above, the inflatable annular member 4 is coupled to a positioning 

element 10 having at least one lumen 12 therethrough, through which vacuum is applied 
to the target organ. That is, the positioning element 10 is configured to serve a variety of 
purposes including placing or positioning the device 2 at a target location and serving as 
a conduit through which vacuum or suction is applied to the organ and, as described 
above, may also include at least one inflatable annular member inflation line 14. 

[0051] The positioning element 10 may be made from a variety of materials, where the 

material(s) from which it is fabricated is sufficiently robust to withstand vacuum 
pressures ranging from about 50 to about 500 mmHg. Representative materials include, 
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but are not limited to one or more of the following: metals or alloys thereof such as 
stainless steel, aluminum, titanium, and flexible and rigid plastics such as polycarbonate, 
polyetherimide, glass-filled polymers, or the like. In certain embodiments, the 
positioning element 10 may be reinforced, e.g., with a stainless steel braid or the like. The 
positioning element may also include a spring or the like, where such a spring or the like 
enables axial or vertical movements of the inflatable annular member 4 relative to the 
positioning element 10, and prevents kinking of the vacuum line. As such, a spring may 
be positioned at the distal end of the p ositioning e lement 1 0 such that the spring also 
contacts the associated cover 3, e.g., it may be positioned over the positioning element 
10, inside the positioning element 10, etc. (see for example spring 132 of Figure 5 which 
is positioned inside the positioning element 10). As mentioned above, the provision of a 
spring is applicable to all embodiments of the subject invention. 

[0052] As described above, the positioning element 10 may be coupled to the inflatable 

annular member 4, i .e., the cover 3 o f the inflatable annular m ember, by any suitable 
coupling means, where such coupling or attachment means is sufficiently robust to 
withstand vacuum forces, as described above, and any axial or vertical and/or lateral 
movements of the inflatable annular element relative to the positioning element, for 
example vertical and lateral movements due to a beating heart and the like. For example, 
see attachment means 1 of Figures 1 and 2. The attachment means of the subject 
invention may be made from a variety of materials, including plastic, metals, 
combinations thereof, etc. 

[0053] The attachment means may be associated with the distal end of the positioning 

element by any suitable means including suitable chemical, mechanical, or physical 
means, where heat welding is of particular interest, e.g., when the attachment means is 
made of plastic. 

[0054] The attachment means and the cover 3 of the inflatable annular member 4 may be 

a unitary piece of construction or may be separate components. As such, where the 
attachment means and the cover 3 of the inflatable annular member 4 are separate 
components, they may be associated using any suitable means including suitable 
chemical, mechanical, or physical means, where heat welding is of particular interest. 
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[0055] In one e mbodiment, the attachment means is made of a flexible material, e.g., 

flexible plastic such as Tygon™ tubing or the like. This configuration employing a 
flexible attachment means advantageously enables a sufficient degree of movement of the 
inflatable annular member 4 relative to the positioning device 10 to which it is associated. 
However, the attachment means may be made of any suitable material. 

[0056] The attachment means may take a variety of configurations. Attachment means 1 

of Figures 1 and 2 shows one such embodiment. Figure 3 shows another exemplary 
embodiment where the attachment means 106 is segmented. Accordingly, the attachment 
means 106 of Figure 3 is made of a series of segments, i.e., has a bellows configuration, 
herein shown as three segments 106a, 106b and 106c; however, greater or fewer 
segments may be employed. Typically, the segments are made of a flexible plastic 
material such as Tygon™ tubing or the like while in other embodiments the attachment 
means may be made of a sufficiently rigid plastic or metal or metal alloy. 

[0057] Figure 4 shows another attachment means embodiment which enables the 

inflatable annular member to move vertically and horizontally, relative to the positioning 
element 10. Accordingly, Figure 4 shows an attachment means which includes a flexible 
linkage mechanism 122 used to associate the positioning element 10 with the cover 3 of 
the inflatable annular member 4, where the linking mechanism may be made of a 
sufficiently hard plastic or metal or metal alloy. Such a linkage may be designed to have 
both a flexible state and a rigid state, but need not have both states. This dual state 
configuration, i.e., having both flexible and rigid states, is achieved by implementing a 
cable 123 running through a series of ball joints 122a associated with the linkage 
mechanism 122 and typically through the positioning element 10 as well so that linkage 
122 can be changed between a flexible state and a rigid state by tightening (or un- 
tightening) the cable 123 using a knob mechanism with a clutch (not shown). The clutch 
guards against over-tightening of the assembly, and provides tactile feedback when the 
maximum tightening is achieved. 

[0058] Figure 5 shows yet another embodiment of the attachment means. Figure 5 shows 

an exemplary embodiment of an attachment means employing a ball and socket 
mechanism 120 to associate the positioning element 10 with the cover 3 of the inflatable 
annular member 4. As will be apparent by those of skill in the art, such a coupling 
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configuration enables the inflatable annular member 4 to freely rotate relative to the 
positioning element 10, i.e., the inflatable annular member 4 has three-dimensional 
rotatability. Furthermore, in certain embodiments (applicable to all attachment means 
embodiments), the positioning element 10 may include a spring element 132 to further 
enable the inflatable annular element 4 to move axially or vertically relative to the 
positioning element 10, as mentioned above, where such a spring is applicable to all 
embodiments. 

[0059] As described above, the attachment means may be associated with the distal end 

of the positioning element by any suitable means including suitable chemical, 
mechanical, or physical means, where RF welding is of particular interest. 

[0060] Figure 6 shows one embodiment of the subject device employing at least an 

adhesive to secure the attachment means to the positioning element. Accordingly, Figure 
6 shows an adhesive 108 employed to associate the positioning element 10 with an 
attachment means, such as attachment means 1 of Figures 1 and 2. In addition to, or in 
place of, adhesive 108, one or more grasping means such as teeth or barbs 102 positioned 
on the distal end of the p ositioning e lement 10 may grasp or bite into the attachment 
means 1. Still further, in addition to, or in place of, one or more of the above mentioned 
adhesive and/or teeth, the attachment means may be dimensioned or otherwise configured 
to intimately associate with a positioning element. For example, the attachment means 
may include a heat-shrinkable material which, once associated with the positioning 
element, is heated to a sufficient temperature and shrunk to create an intimate association. 

[0061] As described above, the devices of the subject invention may be introduced to the 

target site through a sheath, where such a sheath may be further advanced through a 
suitable delivery cannula or catheter-like device. Accordingly, the subject devices may be 
folded or bent, i.e., resiliently deformed to be received within a sheath and, upon 
deployment from the sheath, assume an organ contacting or workable configuration. 
More specifically, the subject devices are configured to be deflatable for retention inside 
a sheath. After advancement out of the sheath, the devices may then be inflated. Thus, a 
feature of the subject devices is that they can be deflated and compressed, folded or bent, 
where such manipulation does not adversely affect the performance of the devices and 
may be done to permit delivery through an access port or the like, i.e., may be done to 
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permit the devices to be received within a sheath for use with closed chest access 
procedures. However, even if a subject device is introduced via an open chest approach, 
it will be apparent that the subject device may still be introduced to the target site in a 
deflated state to facilitate placement at the target site. 
[0062] Any suitable sheath may be used to receive and deploy the subject devices. In 

general, the sheath will be biocompatible and atraumatic and dimensioned to 
accommodate a subject device. Figure 7 shows an exemplary embodiment of a sheath 
suitable for use with the subject invention. Figure 7 shows sheath 40 having proximal 
end 42, distal end 44 and a lumen or negative space 41 therethrough for accommodating a 
device. Figure 7A shows the sheath 40 of Figure 7 having a deflated subject device 2 
retained therein. 

[0063] Distal end 44 of sheath 40 is configured to enable atraumatic insertion of the 

sheath through a body cavity or catheter, as well as atraumatic deployment of a subject 
device from the sheath at a target site without adversely affecting the device. 
Accordingly, the distal end 44 of the sheath 40 may include a plurality of leaves or petals 
46 to facilitate insertion of the sheath into a chest cavity and d eployment o f a device 
therefrom. In certain embodiments, the leaves 46 are biased inward to create a low profile 
distal end, i.e., the outer diameter at the distal end is reduced relative to the outer 
diameter o f t he body or m id p ortion of the s heath 4 0. A s s uch, a s a device i s m oved 
through the distal end 44 for deployment at a target site, the leaves 46 are urged outward 
by the device to allow passage of the device. 

[0064] The proximal end of the sheath 40 may also be configured to enable easy loading 

of a subject device into the sheath. For example, in certain embodiments, the proximal 
end is flared to facilitate such device loading. In certain other embodiments, the sheath 40 
has a slit or cut positioned along its longitudinal axis, through which a device may be 
loaded (see for example F igure 7 A) for insertion or removal from a body cavity. The 
subject devices may be supplied pre-loaded in a sheath or may be supplied separately and 
loaded prior to use. 

[0065] The subject sheath 40 can be made from a variety of biocompatible materials, 

where such materials include, but are not limited to, plastics such as polypropylene, 
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Teflon, low density polyethylene, metals and metal alloys such as titanium, stainless 
steel, Nitinol or other shape memory alloys, etc. 
[0066] Typically, the sheath 40 is configured to intimately retain a subject device in its 

deflated state. Accordingly, the outer diameter of the sheath 40, exclusive of the distal 
end if inwardly biased leaves are present, usually ranges from about 3 to about 25 mm, 
usually from about 5 to about 12 mm. In those embodiments having inwardly biased 
leaves or petals at the distal end, the outer diameter of such an inwardly biased area 
usually ranges from about 3 to about 25 mm, usually from about 5 mm to about 12 mm. 
In those embodiments having a flared proximal end, the outer diameter of such a flared 
area typically ranges from about 10 mm to about 50 mm, usually from about 10 to about 
24 mm. The length of the sheath will of course vary depending on a variety of factors, 
including, but not limited to, the type of procedure performed, i.e., open or closed chest, 
the organ of interest, i.e., the particular organ and the position thereof in the body cavity, 
and the like. However, by way of example and n ot 1 imitation, when used to deploy a 
subject device using a closed chest procedure, e.g., through a port positioned in the chest 
wall, for manipulating and/or positioning an adult, human beating heart, the length of the 
sheath 40 will typically range from about 4 to about 12 inches, usually from about 6 to 
about 8 inches. 

[0067] The subject device may be maintained in a particular position by being secured to 

a stationary or fixed object such as a surgical table, surgical retractor, e.g., a sternal 
retractor, a portion of the patient's skeletal system, e.g., the sternum, the floor, the 
ceiling, and the like. As such, the subject device may itself be secured to a stationary or 
fixed object, i.e., the positioning arm of the subject device may be secured, e.g., with a 
mount or the subject device may be associate with a means for attachment to a stationary 
or fixed object. For example, the subject invention may also include a securing means, 
where suitable securing means typically includes at least an arm, either flexible or rigid, a 
mount for attachment to a stationary object, as described above, and a means for 
associating the positioning element of the subject device with the securing means. 
Securing means suitable for use with the subject invention include, but are not limited to, 
those described in U.S. Patent Nos. 6,331,158; 6,338,712; 6,361,493; 6,375,611; 
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6,390,976; 6,506,149; 6,626,830; 6,652,454; and 6,656,113, each of which is 
incorporated herein, in its entirety, by reference thereto. 

METHODS 

[0068] As summarized above, methods are also provided for manipulating and 

positioning an organ. The subject methods may be used to manipulate and position a 
wide variety of organs including, but not limited to, hearts, e.g., hearts such as beating 
hearts, stomachs, gall bladders, livers, spleens, intestines, etc. The subject methods may 
also be used with both open and closed chest procedures such as sternotomies, mini- 
sternotomies, thoracotomies or mini-thoracotomies, or through a port provided within the 
chest cavity of the patient, e.g., between the ribs or in a subxyphoid area, with or without 
the visual assistance of an thoracoscope. Furthermore, the subject methods are suitable 
for use with both off pump and on pump procedures, i.e., are suitable for use during a 
cardiopulmonary bypass procedure (i.e., a stopped heart procedure where the patient's 
heart is stopped and certain physiological functions are provided by a cardiopulmonary 
bypass machine) or during a procedure wherein the patient is not on cardiopulmonary 
bypass (i.e., a beating heart procedure where the patient's heart continues to beat during 
the procedure). In further describing the subject methods, an exemplary method with 
respect to manipulating and positioning a beating heart will be used. However, it is to be 
understood that this is for exemplary purposes only and is in no way meant to limit the 
scope of the invention, as the subject invention may be used for a variety of procedures, 
as described above. It is also important to note that the order of the below described 
method steps may be altered or changed, depending on the particular clinical needs of the 
patient, surgeon, etc. For example, a subject device may be inflated before insertion into a 
body cavity, after insertion into a body cavity, before organ contact, after organ contact, 
etc., as will be obvious to those of skill in the art. 

[0069] Thus, the subject methods may be used to manipulate a beating heart to provide 

access to one or more arteries positioned on the lateral or posterior aspects of the heart for 
a coronary artery bypass graft procedure. The subject methods and devices are useful for 
moving the heart around in a closed chest, to provide access and visualization to desired 
regions on the heart. For example, it may be necessary to bypass multiple coronary 



19 



Atty. Dkt. No. GUIDO-034 
Client No. R0322 

arteries, including the circumflex artery (CxA) on the left lateral aspect of the heart, the right 
coronary artery (RCA) on the right lateral aspect of the heart, and the posterior descending 
artery (PDA) on the back side of the heart, where access to such arteries is difficult and where 
manipulating the heart will increase or facilitate accessibility thereto. 

[0070] Thus, the first step in the subject methods is to provide a device capable of 

manipulating and positioning the heart. In other words, a device which is configured to 
manipulate and position the heart without any significant adverse hemodynamic 
consequence (i.e., is hemodynamically insignificant) and which may also be configured 
to be advanced to the heart through a closed chest, i.e., through a port positioned in the 
chest wall, or the like, is provided, such as a subject device as described above. The device 
may be provided in an inflated, organ contacting state, i.e., a working configuration, or in a 
deflated state and may be provided within a sheath such as a sheath as described above. Once 
the provision of a suitable device has been met, the device is then delivered or brought to the 
target site, e.g., the area of the heart, usually the area of the apex of the heart. 

[0071] As mentioned above, the device may be introduced to the site through an open or 

partially opened chest, (i.e., through an open or partially opened sternotomy, thoracotomy or 
sub-xyphoid approach) or may be introduced through a port, i.e., an access port or stab wound, 
typically positioned intercostally, i.e., between adjacent ribs. In those embodiments where the 
device is introduced via a port or other entry means not capable of accommodating a fully 
inflated subject device, the device is typically retained in a suitable sheath such as the sheath 
described above, for easy introduction and delivery. As such, the device is resiliently 
deformed into a deflated state and loaded into a sheath (see Figure 7A). In other words, the 
device is deflated and compressed, folded and/or bent to fit inside the sheath for port access 
introduction, where it is then delivered to the target site, advanced out of the sheath and 
inflated. 

[0072] Regardless of when the device is inflated or how it is brought to the target site, the 

device may be inflated using any suitable substance or agent. In many embodiments of the 
subject device, the inflatable annular member is inflated with a gas such as oxygen, 
nitrogen, carbon dioxide and inert gases such as helium, neon, argon, and the like. 
However, the inflatable annular member may also be inflated with substances or agents 
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other than gas, for example a fluidic substance such as saline, water, contrast solution, 
etc., or any combination thereof may be employed to inflate the annular member. 

[0073] Once inflated, the device is contacted with the organ of interest, e.g., a beating heart, 

usually the apex of the beating heart. In many embodiments, the soft, compliant material 
associated with the organ contacting side of the device, as described above, is contacted with 
the apex. Figure 8 shows an exemplary device according to the subject invention such as 
device 2 of Figure 1 contacting an apex A of a beating heart. 

[0074] Once contacted, a vacuum or suction is applied such that the organ, e.g., the apex A of 

a beating heart, is further engaged with the device 2. In other words, the organ contacting 
surface 8 contacts the organ to conformingly engage the organ. The amount of vacuum 
applied will vary depending on a variety of factors including, but not limited to, the particular 
organ being manipulated, i.e., the size and shape of the organ of interest, and the like. 
Typically, where the organ of interest is a beating, adult human heart, about 100 mmHg to 
about 400 mmHg of vacuum is applied, usually about 200 mmHg to about 300 mmHg is 
applied and more usually about 250 mmHg to about 300 mmHg is applied. 

[0075] Once the vacuum is applied, a seal between the organ and the device is accomplished 

due to the applied suction force. Furthermore, the vacuum is usually distributed or diffused 
over a large area, for example diffused over the organ contacting area or interface, e.g., over 
the soft, compliant material 18 of the organ c ontacting area 8 and/or also over the central 
opening 6 of the device if a vacuum distribution element 7 is present, as described above. 

[0076] Once a sufficient seal has been established between the organ and the device, the 

device is manipulated, e.g., to provide access to arteries or areas of interest otherwise obscured 
by the organ. In other words, the organ may be lifted, tilted, rotated, etc., to enable the surgeon 
to access areas of the organ or area(s) usually inaccessible or difficult to access, i.e., usually 
obscured by the organ such as the lateral and/or backside of the organ. Accordingly, the organ, 
e.g., a beating heart, is physically translated from its natural resting place to a location better 
suited to surgical access, and then the organ is held in the latter location during surgery 
without compressing (or otherwise deforming) the organ, i.e., without adversely 
compressing the heart or great vessels, in such a way that hemodynamic function is 
compromised or aversely affected. 



21 



Atty. Dkt. No. GUIDO-034 
Client No. R0322 

[0077] The organ may be maintained in such a manipulated position by affixing the device to 

a stationery or fixed object such as a surgical table, surgical retractor, e.g., a sternal 
retractor, a portion of the patient's skeletal system, e.g., the sternum, the floor, the 
ceiling, and the like, where such a fixation may be accomplished by affixing the 
positioning element of the device itself to an object or by securing the positioning 
element to a suitable securing means, as described above, where the securing means is 
then affixed to an object. Still further, the device may be held in place by the surgeon or 
the surgeon's assistant, i.e., the positioning element of the device may be held. 

[0078] The surgeon next performs the appropriate procedure on or involving the 

manipulated and positioned organ, or a newly accessible area around the manipulated and 
positioned organ. For example, in those embodiments where a heart is manipulated to 
facilitate a CABG procedure, once manipulated and positioned to expose the blocked 
arteries, the surgeon may perform one or more necessary arterial bypasses of the now 
accessible, blocked arteries. In certain embodiments of the subject methods, visualization 
. of the site is achieved by endoscopic or thoracoscopic means. For example, where the 
procedure is performed through one or more ports positioned in the chest wall, an 
endoscope or thoracoscope may also be inserted through a port (i.e., through the same or 
different port than the one used to introduce the device) to facilitate visualization of the 
site. During the procedure, particularly a beating heart CABG procedure, the device is 
able to move to accommodate the natural rhythms or movements of the organ, e .g., a 
beating heart. In other words, the device has sufficient axial or vertical and lateral 
movement to accommodate a beating heart. 

[0079] Following the procedure, the organ is then returned to its original position and 

disengaged from the device. As such, the organ is gently returned to its natural 
orientation. The vacuum to the device is then turned off to break the seal between the 
organ and the device and the device is removed from the body cavity. Depending on the 
technique used to introduce the device into the body, the device may be first deflated and 
then removed or may be removed in its inflated state, e.g., where the device can be 
removed through a full sternotomy or the like. In certain embodiments o f the subject 
methods where the device had been retained inside a sheath and introduced through an 
access port, the device may be deflated, and then removed from the body cavity through 
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an access port. The access site, i.e., the sternotomy, thoracotomy, access port, or the like, 
is then closed using conventional methods and the patient is prepared for post-op, as is 
known in the art, e.g., one or more drainage tubes may be placed, the patient may be 
disengaged from CPB if used, etc. 

KITS 

[0080] Also provided are kits for manipulating and positioning an organ, e.g., a beating 

heart. The subject kits include at least a subject device, and oftentimes a plurality of such 
devices, where the devices may be the same or different, e.g., may be the same or 
different sizes and/or shapes. The kits may further include one or more sheath for 
delivering the subject device(s) to a target site and may also include one or more 
securing means for attaching the subject device(s) to a stationary or fixed object. In 
certain embodiments of the subject kits, one or more regulators are included for 
regulating the flow of a vacuum source to an organ. Finally, the kits may further include 
instructions for manipulating and positioning an organ, e.g., instruction for using the 
subject devices for manipulating and positioning an organ. The instructions may be 
printed on a substrate, such as p aper o r p lastic, etc. As such, the instructions m ay be 
present in the kits as a package insert, in the labeling of the container of the kit or 
components thereof (i.e., associated with the packaging or sub-packaging) etc. In other 
embodiments, the instructions are present as an electronic storage data file present on a 
suitable computer readable storage medium, e.g., CD-ROM, diskette, etc. 

[0081] It is evident from the above description and discussion that the above described 

invention provides an easy and effective way to manipulate and position an organ, e.g., a 
beating heart. The above described invention provides a number of advantages, including 
ease of use, hemodynamic insignificance, clinically significant range of motion (i.e., 
sufficient lateral and axial movement), the ability to be used with a variety of organs and 
use with both open and closed chest procedures, i.e., may be delivered via sheath to a 
site. As such, the subject invention represents a significant contribution to the art. 

[0082] All publications and patents cited in this specification are herein incorporated by 

reference as if each individual publication or patent were specifically and individually 
indicated to be incorporated by reference. The citation of any publication is for its 
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disclosure prior to the filing date and should not be construed as an admission that the 
present invention is not entitled to antedate such publication by virtue of prior invention. 
[0083] Although the foregoing invention has been described in some detail by way of 

illustration and example for purposes of clarity of understanding, it is readily apparent to 
those of ordinary skill in the art in light of the teachings of this invention that certain 
changes and modifications may be made thereto without departing from the spirit or 
scope of the appended claims. 
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